The measurement of the saddle-splay surface elastic constant K~4 in a nernatic liquid crystal is reported based on two independent deuterium nuclear-magnetic-resonance ( 
(PDLC) droplets are systems that exhibit the K2~d istortion. Erdmann, Zumer, and Doane [8] successfully measured the molecular anchoring strength in PDLC systems with perpendicular anchoring but were limited to large droplets (R & 3 pm) by optical methods where the effective anchoring strength is strong, washing out any detailed information on the surface elastic constant K&4.
Zumer [9] has extended the theory of the PDLC systems with perpendicular boundary conditions to include the surface elastic constant Ez4. Furthermore, Zumer has proposed several methods to determine K24 based on the radial-to-axial structure transition and zero-field microscopy studies of the axial structure, where the simulated microscope textures [10] are sensitive to the ratio I/:24/K» [11, 12] . It was also concluded that I/:2~&2K» based solely on the existence of the zero-field axial structure observed by Erdmann, Zumer, and Doane. !n this contribution we study in detail nematic director configurations that exist in cylindrical geometries that simplify both the theoretical treatment and experimental analysis, allowing the determination of @24. It was first thought in the early 1970s that the nematic director field in a cylinder with perpendicular boundary conditions would consist of only a radial component with a line disclination along the cylinder axis where the director field is undefined [13] (see Fig. 1 ). Cladis and Kleman [14] and Meyer [15] have shown that the high cost of splay deformation energy in the center of the cylinder could be relieved by introducing a finite amount of bend deformation. This results in a continuous director field that is planar radial near the cavity wall but escapes into the third dimension along the cylinder axis (see Fig. 1 ).
Comparison of the free energies of these two structures under strong anchoring conditions at the cavity wall revealed that the escaped-radial structure would be expected to revert to the planar-radial structure at a suSciently small cavity radius, R, =0.1 pm. Optical studies verified the existence of the escaped-radial structure in large capillary tubes of radii 20 -200 pm occurring with singular point defects regularly spaced along the cylinder axis [16 -20] . The defects result from the fact that two energy-equivalent configurations exist where the direce. =O Fig. 1 ). Kuzma and Labes [21] extended these studies to smaller radii but were limited by optical methods to cavity radii greater than 2 pm. The smectic-A [22] and cholesteric [23] The planar-radial (PR) configuration has been treated in detail by other authors [13 -15] so only a brief discussion will be presented here. Since n is normal to the surface, the energy per unit length of the cylinder, which is pure splay energy, is given by
where Ay is the anisotropy in the diamagnetic susceptibility and he is the anisotropy in the dielectric constant.
The equilibrium configurations that follow are calculated for cylindrical geometries with perpendicular boundary conditions. All the configurations are calculated in zero field so the contribution of Eqs. (3) is not included. F pp = nEln( R /2p ), .
(a) [36] .
If weak anchoring occurs at the surface, the boundary condition P(r = R ) =0 is relaxed by the relation Fpp=nK -In(2(y)+(I -y)/g . . (10) It can be shown by comparing Eq. (10) to Eq. (7) that the crossover to the strong anchoring regime occurs when Wo -2K /pe.
The calculation of the PP configuration becomes more involved when K»AK33 There is no analytical solution for this situation and therefore the resulting differential equation must be solved numerically.
C. Escaped-radial structure
The escaped-radial (ER) configuration has been studied by other authors [14, 15] in the strong anchoring limit, I neglecting surface elastic contributions.
The nematic director is completely specified by n=cosQ(r)z +sinQ(r)r, where Q is the angle between n and the cylinder axis, and only depends on the radial variable T as illustrated in Fig. 3(b) . We now carefully reexamine the ER structure to incorporate the term proportional to E24, which yields div(nXcurln+n divn)= -sinQ(r)cosQ(r) . (11) 2 dQ(r) T GT The free energy per unit length of the cylinder is K»sin Q(r) (12) +m(K"K24) .
-
The term proportional to (K» K24) is a total d-ifferential that can be integrated exactly to obtain
Minimization of Eq. (13) (20) re( Equations (18) [25, 37] . The ERPD structure is plotted in Fig. 8 [24, 29, 37] , which is consistent with predictions [25] .
E. Nematic director-field configuration transitions
It was previously predicted that the ER structure would transform into the PR structure at the critical ra-
F. Conditions under which K24 is important
The surface elastic term proportional to K24 in the elastic free-energy expression given by Eq. (1) [43, 44] .
In a local region of the cylinder represented by the position vector r, a compound selectively deuterated at a specific site on the molecule will yield a spectrum of two lines at quadrupole frequencies 5v, given by the relation [42] G(t)= exp i f [46] . The PP structure yields the same spectral pattern for the 8z =0 case as did the PR structure because all directors are perpendicular to the magnetic field, but the 8&=90' case results in two singularities separated by 5' from the contribution of directors with their principal axis oriented at an angle 8=0'. The center portion of the spectrum represents the nonzero contribution of directors in the magnetic field. The 8~= 90' orientation was calculated for the situation where the symmetry axis of the configuration aligns parallel to the magnetic field which is experimentally reported to occur when anchoring of the nematic director is sufficiently weak at the cavity wall [29] .
The 8~= 0' orientation of the ER structure is characterized by two shoulders and two singularities separated by -, '5vz. The singularities correspond to the contribution of directors orientated at 8=90' and the orientation with 8=0' contributes to the intensity of the shoulders.
The 8& =90' orientation results in a spectral pattern similar to a cylindrical distribution except the outer singularities are suppressed because of the escaping directors along the cylinder axis that contribute to the 8=90' singularities. The ERPD configuration yields two singularities separated by -,5vz with a contribution in the central region of the spectrum for the 8& =0' orientation of the cylinder axis. This is similar to the ER structure except that the shoulders are suppressed due to the presence of defects which introduce radial domain walls separated by a distance L. The 8& =90' orientation yields a spectral pattern very similar to the cylindrical pattern with the outer singularities having a greater intensity than the ER configuration but less intense than the PR configuration.
As the L approaches large values, the ERPD spectral pattern approaches that of the ER spectral pattern. Figure 11 demonstrates the utility of H-NMR to distinguish between nematic director-field configurations that occur in cylindrical cavities with perpendicular anchoring conditions at the cavity wall.
To illustrate the sensitivity of the H-NMR technique to the molecular-anchoring angle, consider the ER configuration described by Eq. (18) and presented in Fig.  5 . Several spectra were simulated for various values of the dimensionless surface parameter a given by Eq. (20) and are presented in Fig. 12 to the cylinder axis for cr (1.
The ERPD spectral patterns behave in a similar manner except the sensitivity to o is less pronounced. This can be seen in Fig. 13 [24, 37] .
The PP structure described by Eq. (9) 
IV. MATERIALS
In order for nematic director configurations that exist in submicrometer cylindrical cavities to be accessible with H-NMR, materials that offer a large surface-tovolume ratio must be realized to obtain a sufficient signal-to-noise ratio for a NMR experiment. The cavities of Nuclepore membranes [47] are very satisfying for our studies since they offer a reasonable porosity and concise cylindrical pores. The pores can be obtained in a variety of sizes ranging from 0.0075 to 6.0 pm in radii. %e have studied cavities of radii 0.05 to 0.5 pm large enough for a reasonable signal-to-noise ratio yet small enough so that the magnetic field does not distort the nematic directorfield.
The Nuclepore membrane is composed of a polycarbonate film with cylindrical pores penetrating through its 10-pm thickness [48] . The pores are perpendicular to the membrane surface as shown by the scanning electron microscope photograph in Fig. 14 [39] . The PP configuration transforms into the ERPD structure at R~0.5 pm as can be seen from the spectrum in Fig. 17 .
The PP~ERPD transition proves to be particularly useful in determining the surface elastic constant E24 since it contributes to the ERPD structure and is absent in the description of the PP configuration. The value of R Wo/K is the only fitting parameter in the spectral simulation for the PP structure (dashed curve in Fig. 17 3 is unknown but its contribution to the nematic director field is expected to be less important than its K24 counterpart. The inclusion of K, 3 will force us to take into account the volume elastic free-energy terms which have second derivatives of the director field. This proves to be extremely involved and is a subject of future study.
